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ABSTRACT
Evidence was obtained indicating that the initiation of poly

(dA-dT) de novo synthesis is provided by deoxynucleoside diphospha
te: oligonueIo-tide deoxynucleotidyl transferase (dODP-transferas(
present in preparations of B.coli DNA polymerase I and capable of
catalyzing the unprimed polymerization of dNDP. dODP-transferase
synthesyzes short oligonucleotides which form template-primer com-
plexes repeatedly replicated by DNA polymerase I. This conclusi-
on was based on the following observations: the abolition of the
lag period of poly (dA-dT) synthesis by preincubation of DNA-poly-
merase I preparations vith dADP and dTDP; the presence of oligo
(dA-dT) among the preincubation products; the suppressive effect
of dithiothreitol and N-ethylmaleimide (inhibitors of dIDP-trans-
ferase) on the de novo, but not on th.e primed synthesis of poly
(dA-dT), catalyzedTby preparations of DNIA-polymerase I.

I NTRODUC TION
Investigation performed in Kornberg' s laboratory have shovm

that preparations of E.coli DNA polymerase I are capable of pro-

viding the unprimed (de novo) synthesis of poly(dL-dT) and po-
2ly(dG).poly(dC) . Subsequently, it has been reported that si-mi-

lar reactions can be catalyzed by DNA polyrnerases from B. subti-
3 I4,95 67lis , M.lysodeicticus ', T.luteus , bacteriophage T4 , and

calf thymus 89. These findings have raised the question, whether

the capacity to catalyze the unprimed synthesis of the polynuc-
leotides is a property of the enzyme. An alternative possibili-
ty was that certain admixtures of oligonucleotides in the enzyme

preparations serve as repeatedly replicating templates and pri-
mers for the polymerases . However, attempts to establish the

presence of templates and primers in the preparations of the en-

zymres have not been successful 109 11. Recently, an enzyme ca-

pable of catalyzing the template - and primer-independent poly-
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merization of deo;ryribonucleoside diphosphates has been detec-

ted in preparations of E.coli DNA polymerase I 12. This enzyme
has been designated as deoxynucleoside diphosphate: oligonuc-
leotide deo3qnucleotid.yl transferase (dNIP-transferase). Data
have been obtained suggesting that the enzyme provides poly(dG)'
poly(dC) synthesis through the formation of complementary homo-
oligonucleotides which serve as templates and primers for DNA
polymerase I (dNDP, substrates for this reaction, are always
present in preparations of dNTP).

A reasonable assumption was that the de novo synthesis of
poly(dA-dT) proceeds in a way similar to that of poly(dG)-po-
ly(dC) 12. The aim of this study was to verify this assumption.

MATERIALS AND MIBTHODS

Isolation of DNIA polnerase I. DNA polymerase I was extra-
cted from E.coli MRE 600 cells as described by Jovin et al.13,
with DEAE cellulose fractionation done according to Richard -

son 140 The specific activity of the enzyme was determined by
the procedure of Aposhian 15.

Incubations. The incubation mixtures for the de novo syn-
thesis contained 0.25 mrI dATP, 0.25 mY% dTTP (Novosibirsk, USSR),
5--104cpm 3H-dTTP (10-20 Ci/mmole, Amersham), 6 mM MgCl2, 60 mM

potassium phosphate buffer (pH 7.5), 0.5-1 units of the enzy-

me in a volume of 0.1 ml. In those experiments, in which tem-
plate-dependent synthesis was studied, 0.005 A260 units of po-

ly(dA-dT) were added. The reaction mixtures were incubated for
the times shown in the appropriate figure legends at 37°C; in-
cubation was terminated by cooling to 0°C; 0.2 ml of bovine

serum albumin (lmg/ml) and 0.3 ml of 1 E perchloric acid were

then supplemented. The precipitate was collected by filtrati-
on through nitrocellulose filters (Sinpor, Czechoslovakia);ra-
dioactivity was measured in a liquid scintillation counter
Mark II (Nuclear-Chicago). 16

Reaction conditions in assays using dNDP as substra-

tes were the same as those outlined above with the exception
that 0.5 mM dADP and 0.5 ad dTDP were employed instead of dATP
and 311-dTTP. Unless indicated otherwise, incubation wJas per-
formed at 37CC for 2 hours.
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Two dimensional thin le chromatogra hy Norit A
(Serva) was used for desalting samples before their applica-
tion to Silufol UV 254 plates (20.20 em) (Serva). Solvent I, iso-
propanol/ conc.ammonia./ water (70:10:20, v:v:v), was used in
the first dimension; solvent II, 3.2 M ammonium sulphate in 7 X
sodium phosphate (pH 6.8) / n-propanol (125:2, v:v) was used in
the second dimension. Oligonucleotide spots were visuialized in-
der ultraviolet light, scraped into separate tubes and eluted
with water at 37°C overnight.

Microcolum chromatograDhy18. Samples for microcolumn chro-
matography were diluted so that salt concentration did not ex-
ceed 1 mM. A solution that contained 0.05 A2 units of nucleo-
tide material was applied to a TEAE cellulose column (30jnl).
Elution was performed at a flow rate of 0.01 ml/min with a li-
near gradient (from 0 tO 0.3 X) of NaCl in 7 M urea - 0.02 M
Trio-BCl buffer (pH 7.5). Absorption was measured at 260 nm.

D nucleotide material with bacterial
alkaline phosphatase. Reaction mixture contained in 0.1 ml
0.4 A260 units of nucleotide material, 1 K, Tris-IU1 buffer (pH
8.0), and 150 units of E.coli alkaline phosphatase, specific ac-
tivity 4000 units/mg (the enzyme preparation was a gift of Dr.
V. K. Starostina). One unit of phosphatase activity was defined
as the amount of the enzyme bydrolyzing t nmole of dAlS per mi-

nute at 370C. The reaction mixture was incubated at 370C for
30 min.

Acid hydrolysis of oligonucleotides. Iydrolysis with di-
lute sulfuric acid was carried out as described by Shapiro and

19Cha gaff . Desalted samples were incubated in 0.1 PA H2SO4 at
1000C for 50 min and neutralized with NaOH. The validity of

this method was tested in model experiments with oligo(dT) and

poly(dA-dT). After acid treatment, the size of oligo(dT) did

not change,whereas poly(dA-dT) became a mixture of adenine, pTp,
and pT as a result of hydrolys3is. Pertinent evidence was pro-
vided by microcolumn chromatography.

RESULTS.

Involvement of dlfl-transferase in the initiation of p
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(dA-dT) t It has been previously reported that diiDP-
transferase catalyzes the polymerization of dMMD1 in the absen-
ce of template and primer and that the enzyme occurs as an ad-
mixture in preparations of E.coli DNA polymerase I12. In view
of these findings, we investigated whether preincubation of
DNA polymerase I with dADF and dTDP affects the unprimed syn-
thesis of (dA-dT) copolymer. It was found that such preincuba-
tion results in a significant reduction, or even abolition,of
the lag period (Fig.1)
When DNA polymerase I preparation was preincubated with dADP
and dTDP for 1 hiour, the synthesis of (dA-dT) copolymer star-
ted much earlier after the addition of dlNTP than in experi-
ments in which preincubation was omitted. .hen the preincuba-
tion took 2 hours, there was no lag period. The reaction kine-
tics were similar when dADP and dTDP were incubated with dNDP-
-transferase, free of DNA polymerase12, and DNA polymerase was
added together with dAT- and dTTP afterwards. This de novo re-

action without a lag period occurred only when diADP and dTDP

16

12

0

4

I 2 3 4 5
TIME (hr)

Figure 1. Kinetics of the de novo synthesis of poly(d&.-dT)with-
out and after preincubation of DTh.) polymerase I with dADP and
d"'DE. V'reincubation was carried out as described in "aiethods",
0.25 ml. each of diAT and 31H-dTTP were then added; the radioac-
tivity of the acid-insoluble product was measured at the time
intervals indicated: (-a-) no preincubation with dA3DP and dTDP;
(-A-) after preincubation for 1 hr;opafter preincubation for 2
hrs; (-c-) after preincubation of the enzyme with either dADP
or dTDP for 2 hrs, the reaction mixtures were subsequently
combined and dA-T and dTTP were added.
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were supplemented together; in contrast, when preincubation was

done separately with each dlUDI, and the mixtures were pooled
before the addition of dNri?'s, no reduction of the lag period

was observed.
It has been previously shown that poly(dA) synthesis,cata-

lyzed by dLNDP-transferase, is inhibited by dADP at concentra-

tions exceeding 1-2 mYt12 The experiments demonstrated an ef-

fect of the substrate concentration on primed and unprimed syn-

thesis of (dA-dT) copolymer (Fig. 2)
The rate of the template-dependent reaction increased propor-

tionally to rising concentrations of dATP and dTTP to 12 mY1i
(Eig.2A), whereas raising concentrations of dATP and dTT1P to

values exceeding 2 mM resulted in a prolongation of the lag

period of unprimed synthesisi(Fig.2B).Preincubation was done
over a wide range of dAD? and dTDP concentrations; it was re-

alized that a concentration of 1-2 m1f' is optimal and that the
subsequent replicative synthesis of poly(dA-dT) is inhibited

at higher concentrations4Table 1)
It seems that high concentrations of dAT? and dTTP,like those

of dADP and dTDP, suppress the reaction catalyzed by dPJDP-

1.6 A 8 B

1.2 6.

0.8-

0.4 2-

2 4 6 8 IO 2 4 6 8 I0

IdATP+dTTP] (mM) [dATP+dTTP] (aX)

Figure 2. Effect of substrate concentration on primed and un-

primed synthesis of poly(dA-dT). A - the rate of primed synthe-
sis related to dAT? and dTTP concentrations. B - the length of

the lag period of the de novo synthesis related to concentra-
tions of dAT? and dTT?.
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TABLE 1. Effect of dADP and dTDP concentrations in the prein-
cubation mixture on the synthesis of poly(dA-dT).

NO Con entra- 3H-d¶Im: incorporation into the acid-
tion of dAD? insoluble product (cpm)
+ dTDP(mLI)

After 30 mn After 60 min

1 0.11 92 80
2 0.5 352 3200
3 1.0 4190 25070
4 1.5 27200
5 2.0 33250
6 2.5 30100
7* 5.0 16000
7** 5.0 16150
8 10.0 115 5100

l l~~~~~~~~~~~~~~~~~~~~~~~~~w w

Freincubation of the enzyme was performed as described in "Me-
thods", 0.25 mM each of dALT and dTTP were then added to the
mixture and the radioactivity of the acid-insoluble product
was measured.
* - 6 mtM r.C12
**- the concentration of EMgCl? wvas raised to 30 mM to ensure
that the reaction was not inhibited by lack of Mg++.

-transferase.
N-ethylmaleimide and dithiothreitol are inhibitors of the

unprimed synthesis of poly(dA) catalyzed by dNDP-transferase20.
Wlhile unaffecting the template-dependent reaction,catalyzed by
DN4A polymerase I(Fig.3A),N-ethylmaleimide and dithiothreitol
strongly inhibit the de novo synthesis of (dA-dT)copolymer
(Fig.3B).Their presence during preincubation leads to a comp-
lete suppression of the subsequent poly(dA-dT)synthesis. How-

ever,when N-ethylmaleimide or dithiothreitol v*ts added toge-
ther with dNTP,the synthesis of the polynucleotides proceeded
in a manner similar to that observed without these substances
(Fig.4).

These observations indicate that dNDP-transferase is the

enzyme responsible for the synthesis of templates and primers
during the so-called unprimed step of poly(cdA-dT) synthesis ca-
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Figure 3. Effect of N-ethylmaleimide and ditbiothreitol on
primed and unprimed poly(dA-dT)synthesis. A - primed and B -

- unprimed synthesis, (-.-) under standard conditions, (-o-)
in the presence of 60 mII NJ-ethylrnaleimide, (-A-) in the pre-
sence of 5 mMl dithiothretiol
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Figure 4. Effect of
K- ethylmal eimide and
dithiothreitol on
the reaction procee-
ding during the pre-
incubation of the
enzyme wivth dAD

and dTDP.n Synthesis
of poly(dA-dT): A -

- after preincubati-
on under standard
conditions, B - in
the presence of 60
mMI i- ethylmal eimide
in the preincubation
mixture(--),in the
reaction mixture
containing dlTI (-o-)
C - in the presence
of 5 mIE dithiothre-
itol during preincu-
bation(-0-) ,in the

30) 40 reaction mixture
L) with dNI1T(-0).
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talyzed by preparations of DNA polynmerase I.

Anais of the reaction products synthesized during the incu-
bation of DNA polymerase I preparations with dADP and dTDY.

eaction product size.The reaction products resulting from

the preincubation of DNA polymerase I with dADjP and dTDP (see
Aig. 1)v are acid- soluble. For this reason, the amount and size

of these oligonucleotides were detemined by means of two-di-

mensional TIC on Silufol TJV plates (Fig. 5). Spots 4,5,6 and
7 were identified as dADP, dAYP, dTDP and d;;:P, respectively.
Spots 1, 2, 3 appeare-d only after incubation and seem to be re-

action products; they represented 23, 9 and 18% of the total
UV-absorbing material, respectively. Gligonucleotides from spot
1 cariied 7-9 charges ( as judged by the position of the markers,
Fig. 6A). The reaction products from spot 2 were oligonucleoti-
des carrying 8 charges ( Fig. 6B). Lpot 3 represented oligonuc-
leotides with 6-8 charges ( Fig. 6C).

The shatpe of spot 4 suggested the presence of very short

oligonucleotides, inseparable from dADP. They were identified
as follows. After incubation of DNA polymerase I with dADP and

dTDP, the reaction mixture was treated with B.coli alkaline
phosphatase under conditions ensuring dephosphorylation of the

~~~-dADP

Or gin
"

Il

2

Figure 5. Two -dimensional TLC of the reaction products after
incubation of dAD? and dTDP iith the preparation of DNA polyme-
rase I.
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Figure 6. iiUicrocolumn chromatography of the reaction products
after incubation of dADI and dTD? wvith the preparation of E.
coli DNA polymerase I. The reaction products were eluted ?rom
the spots (see Fig.5): A- spot 1, B- spot 2, C- spot 3.

substrates, and then subjected to microcolumn chromatography
( Fig.7). Alkaline phosphatase did not show any appreciable
nuclease activity, as demonstrated by incubation writh oligo(dT).
'Aith the procedure described, the reaction products were found

to contain di- and trinucleotides too. It was also noted that

pretreatment with phosphatase shifted the peaks of hexa- deca-

nucleotides to a position corresponding to shorter oligonucleo-
tides. This was taken to mean that oligonucleotides, synthesized
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Figure 7. Microcolumn chromatography on T1;SAE cellulose of: A-
the products of dADP and dTDP polymerization, B- the same pro-
ducts after treatment vwith alkaline phosphatase.

from d.DP, carry phosphate groups accessible to alkaline phos-
phatase.

Comyosition of reaction products. Inasmuch as oligoade-

nylates in solvent system 1 used in the TIC migrate faster than
oligothynidilates and the material from spots 1, 2, 3 is of
similar size, it was thought possible that the oligonucleoti-
des from spot 1 are enriched with thymidine residues, while
those from spots 2 and 3 are enriched with adenine residues.

Conclusive evidence for this possibility came from analysis of

the spectral characteristics of oligonucleotides from spots 1

and 3 ( Table 2 ).
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TABLE 2. Spectral characteristics of oligonucleotides eluted
from spots 1 and 3 ( see Fig. 5).

Nucleotide 250 280 290
material A max 260 2 260

Spot 1 267 0.66 0.58 0.14
Spot 3 260 0.75 0.20 0.07
dAMP 259 0.8 0.15 0.00
dTMIP 267 0.65 0.73 0.23

The presence of homo- and heterooligonucleotides in mate-
rial from spots 1 and 3 was denonstrated by acid hydrolysis.
The products of hydrolysis were subjected to a microcolumn chro-
matography : 12 % of the total UV-absorbing material did not
bind to TEAB cellulose, namely adenine. The elution profiles of
oligonucleotides from spot 1, obtained before acid treatment
(see Fig. 6) and after it ( Fig. 8), were compared. After acid
treatrnent the ratio of peak 1 to peak 2 changed and new peaks,
3 and 4, appeared. Peak 3 represents short oligothynmidilates,
presixnably products of acid hydrolysis of heterooligonucleoti-
des.6-8% of the nucleotide material occurs as peak 4 with a po-
sition corresponding to that of pTp. Hence, (dA-dT)oligomer
content made up 6-8 % or less of the total reaction products.
After acid treatment, the bulk of UV-absorbing material from
spot 3 ceases to bind to TEAB cellulose. Obviously, oligonuc-
leotides of this spot contain mainly adenine. However, a mnall
portion of the nucleotide material is eluted by NaCl gradient
which is indicative of the presence of heterooligonucleotides.

Based on acid hydrolysis data, it may be concluded that
the major components of the polymerization products of dADP and
dTDE are homooligonucleotides, and that minor components are

heterooligonucleotides. The latter seem to contain (dA-dT) co-

polymer.
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Figure 8. I.iicrocolunn chromatographbj of acid-treated oligonuc-
leotides eluted from:A- spot 1 and B- spot 3 (see Fig.5). Af-
ter application of the sample, the microcoltn was washed with
water:12h of the LW-absorbing material from spot 1 (A) and 93%
from spot 3 did not bind to '21.ALA cellulose.

DISC US&I Cii

The followring assmptions underlie considerations concer-

ning the mechanisms of the unprirmed synthesis of polydeoxynuc-
leotides, cz.talyzed by DNA polymerases: 1 ) The presence of

conta.rinating endogenous templates and primers in the enzyme1 8I
2)the capacity of DINA polyinerase per se to initiate the formati-

1 1,221 exsec f rti
on of templates and primers ; 3)the estence of a protein
synthesizing templates and primers for DI)A polymnerase 12.

The results of experiments designed to isolate endogenous
templates and primers from enzyme preparation were disappointing
1s10. The second assumption is hardly tenable, because, with
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increasing purity 2,14921 and modified separation procedure22'23
the capacity of DNqA polymnerase to catalyze the de novo reacti-
on decreases or disappears, and also because template-dependent
and template-independent synthesis are differently related to

concentration 8,4

In a previous study, it has been shown that preparations
of E.coli DlA polymerase I contain dNDP-transferase, an enzy-
me capable of catalyzing template- and primer-independent po-
lymerization of dNDPP . It has been established that dNDP-
transferase participates in the initiation of poly(dG)*poly(dC)
synthesis 12. Quite plausibly, the enzyme provides the initi-
ation of another known type of template-independent synthesis.

In fact, preincubation of DNA polymerase I preparation with

dLkDP and ddTDP results in the elimination of the lag period du-

ring the de novo synthesis of poly (dA-dT) (Fig. 1).
The capacity of N-ethylmaleimide and dithiothreitol, in-

hibitors of diiDP-transferase, to suppress the unprimed synthe-
sis of poly(dA-dT), catalyzed by DN.A polymerase I preparati-
ons, lends support to the idea that it is dlUP-transferase
that directs the initiation of the synthesis of poly(dA-dT).
A similar effect was achieved by adding high concentrations
of substrates, inhibiting both the unprimed synthesis of poly
(dA-dT) and activity of dNBD-transferase, to the incubation
mixture. Hence, precisely dNDP- transferase specifies the syn-
thesis of short oligonucleotides which act as templates and

primers for the synthesis of the high molecular weight poly
(dA-dT), catalyzed by DNA polymerase I.

The products synthesized as a result of preincubation
of DNA polymerase I with dADP and dTDI? are oligonucleotides
of different composition and length;oligo(d-.) and oligo(dT)
predominate, but mixed oligonucleotides are also encountered.

The oligonucleotides are short and dNTP preparations contain

small amounts of dNDP, which serve as substrates for dNDP-trans-
ferase. These are the possible reasons why investigators have

f'ailed to isolate initiating oligonucleotides 10.
Despite relatively low contents of oligo(dA-dT) in the re-

action products, E.coli DNA polymerase I efficiently synthesi-

zes poly(dA-dT) and only under special conditions, in the pre-
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sence of anthracycline antibiotics 25 and proflavine26, it pro-

vides the synthesis of poly(dA)spoly(dT). The preferential syn-

thesis of copolymer may be explained as follows: 1 )short oligo

(dA) and oligo(dT) chains tend to form three-stranded comple-

xes 27 and thus cannot be utilized as templates and primers by

DNA polymerase; 2) E.coli DNA polymerase I prefers poly(dA-dT)
to any other template .In the presence of poly(dA-dT)-binding
anthracycline antibiotics, the homopolymer pair poly(dA)*poly
(dT) is synthesized, but only after a prolonged,24 hour lag pe-

riod25(the corresponding lag period for poly(dA-dT) synthesis is

2-5 hours). Apparently, long oligo(dA) and oligo(dT) chains, ca-

pable of forming template-primer complexes(in contrast with the

short ones lacking this capacity), arise during this long lag

period and ensure replication.
There are data indicating that pH, ionic strength and buffer

composition determine what kind of polydeoxynucleotide is syn-

thesized de novo21. The present investigation suggests that the-
se factors can influence both the reaction catalyzed by dNDP-

-transferase and the formation of template-primer complexes29
It cannot be excluded that these factors also affect nucleases

and thereby produce a degradation of oligonucleotides with de-

finite sequences.

Three steps can be distinguished in the so-called template-

-independent synthesis of polydeoxynucleotides, catalyzed by

DUIA polymerase I: 1) a template-independent synthesis of

short oligonucleotides catalyzed by dliDP transferase; 2)the for-

mation of tenmlate-primer complexes w-ith the involvement of the-

se oligonucleotides and 3)a prolonged replication of template-
-primer complexes by DNA polymerase I.

The template-indep endent synthesis of polydeoxynucleotides
can be catalyzed by DNA polymerases from sources other than

E.coli. It may be assumed that, whatever the source of DNA po-

lymerase may be, the tenplate-independent synthesis conforms

to the pattern established here.

2558



Nucleic Acids Research

REFERENC S

1. Schachman,H.K. ,Adler,I.,Lehnan,J.R.,Kornberg,A.(1960)
J.Biol.Chen. 235,3242-3249.

2. Radding,C.iMi.,Josse,J.,Kornberg,A. (1962) J.Biol.Chem. 237,
2869-2876.

3. Okazaki,T. ,Kornberg,A. (1964) J.Biol.Chem.239,252-268.
4. Zirmmerman,B.K. (1966) J.Biol.Chem. 241,2035-2041.
5. Grant,R.C.,Harvood,S.J.,WJells,R.D. (1968) J.Amer.Chem.Soc.

90,4474-4476.
6. Harwood,S.J.,Schendel,P.F.,WIells,R.D. (1970) J.Biol.Chem.

245, 5614-5624.
7. Nossal,N.G. (1974) J.Biol.Chem. 249, 5668-5676.
8. Henner, D., Furth, J.J. (1975) proc.Nat.Acad.Sci.USA 72,3944-

-3946.
9. 1lenner,D.,Furth,J.J. (1977) J.Biol.Chem. 252,1932-1938.

10. Radding,C.M.,Kornberg,A. (1962) J.Biol.Chan. 237,2877-2882.
11. Kornberg,A. (1965) "Evolving Genes and Proteins",Bryson,V.

and Vogel,,H.J.,Eds. Academic Press,Inc.,NJ.Y.
12. Nazarenko,I.A.,Potapov,V.A. ,Romashchenko,A.G. ,Salganik,

R.I. (1978). FEB3S Letters 86,201-204.
13. Jovin,I.M.,Englund,P.T. ,Bertsch,L.L. (1969) J.Biol.Chem.

244, 2996-3008.
14. Richardson,C.C.,Schilkraut,G.L.,Aposhian,H.V.,Kornberg,A.

(1964) J.Biol.Chem. 239,222-232.
15. Aposhian,H.V.,Kornberg,A. (1962) J.Biol.Chen. 237,519-525.
16. Preparations of dIDP did not contain dNTP,asjudgedby

microcolumn chromatography.
17. Spencer,J.H.,Chargaff,E. (1963) Biochim.Biophys.Acta 68,

9-17.
18. Grachev,M.A. (1973) Ultramicroanalysis of INucleic Acids,

pp. 104-1 22, Nauka,foscow.

19. Shapiro,H.S.,Chargaff,E. (1964) Biochim.Biophys.Acta 91,262-
270.

20. Nazarenko,I.A.,Bobko,L.E.,Romashchenko,A.G. ,Khripin,Yu.L.,
Salganik, R.I. (1979) Mol. Biol. 13, 216-227

21. Burd,J.F.,Wells,R.D. (1970) J.hlol.Biol. 53,435-459.
22. Lezius,A.G. ,Henning, S.B. ,MYenzel,C.,L,M etz,E. (1967) Eur.J.

Biochem. 2,90-97.

2559



Nucleic Acids Research

23. Yushkova,L.F.F,Nechanevich,N.F. ,Potapov, V.A.,Romashchenko,
A.G. (1976) Biokhimia 41,420-425.

24. Travaglini,,E.C.,Loeb,L-.A. (1974) Biochemistry 13,3010-3017.
25. 0lson,K.,Luk,D.,Harvey,C.L. (1972) Biochim.Biophys.Acta277,

269- 275.
26. lMtcCarter,J.A., Kadahama,N.,Tsiapalis,C. (1969) Can.J.}3iochen.

47,391-399.
27. Naylar, R., Gilham,P. T. (1966) Biochemistry 5,2722-2728.
28. Englund,P.T.,Kelly,R.B.,Kornberg,. (1969) J.Biol.Chem.

244, 3045-3052.
29. Sobel HI.I. (1969) Genetic Organization ed by Gasperi,E.*Vl,

Ravin,A.W. 1, p.,9l,New York, Academic Press.

2560


